Introduction
Periodontal disease is a chronic bacterial infection of tooth-supporting tissues. It causes destruction of periodontal connective tissues and alveolar bone. The aggravation of periodontal disease results from the host response to bacteria in periodontal lesions [1] . Cytokines in periodontal lesions are related to the pathogenesis of periodontal disease [2] . IL-4, which is a Th2 type cytokine, is an important factor that could modulate immune response in periodontal lesion [3, 4] . We previously reported that IL-4 could enhance VCAM-1 [4] , CCL17 [5] and CCL11 [6] production in human gingival fibroblasts. It is known that VCAM-1 [7] , CCL17 [8] and CCL11 [9] are related to Th2 cells retention and migration in inflammatory lesion. Therefore, IL-4 could increase the number of Th2 cells in periodontal lesion. However, how IL-4 could enhance CCL11 productions from human HPDLCs is unknown.
It has been reported that Th17cells are involved in the pathological process of periodontal disease [10] , and CCL20 is essential for the accumulation of Th17 cells in inflammatory lesions [11] . We previously reported that IL-1β could induce CCL20 production from periodontal cells, such as human gingival fibroblasts [12] and HPDLCs [13] . However, the effect of IL-4 on CCL20 production from HPDLCs is uncertain.
The aim of this study was to examine the effect of IL-4 on CCL11 and CCL20 productions from IL-1β-stimulated HPDLCs which is a major cell in periodontal tissues. Moreover, we examined which signal transduction pathways are related to CCL11 and CCL20 productions including activation of mitogen-activated protein kinases (MAPKs), signal transducer and activator of transcription (STAT)6, and protein kinase B (Akt) pathways in IL-4 and/or IL-1β-stimulated HPDLCs.
Materials and Methods

Cell culture
HPDLCs were obtained from Lonza Walkersville Inc. (Walkersville, MD, USA) and grown in the Dulbecco's modified Eagle medium (DMEM: Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS: Gibco) and antibiotics (penicillin G: 100 units/ml, streptomycin: 100 µg/ml) at 37 O C in humidified air with 5% CO 2. . Cells were used between passage numbers 5 and 10.
CCL11 and CCL20 production in HPDLCs
The HPDLCs were stimulated with recombinant human IL-1β (Peprotech, Rocky Hill, NJ, USA) and/or recombinant human IL-4 (Peprotech) for 24 hours. The supernatants from the HPDLCs were collected, and the CCL11 and CCL20 concentrations of the culture supernatants were measured in triplicate with ELISA. Duoset (R&D systems, Minneapolis, MN, USA) was used for the determination. All assays were performed according to the manufacturer's instructions, and cytokine levels were determined using the standard curve prepared for each assay. In selected experiments, the HPDLCs were cultured for 1 hour in the presence or absence of 10 DEBC hydrochloride (1 µM: Santa Cruz Biotechnology, Santa Cruz, CA, USA) or AS 1517499 (100 nM: Axon Medchem, Groningen, The Netherlands) prior to their incubation with IL-1β and/or IL-4.
Western blot analysis
To confirm the IL-4 with or without IL-1β, -induced phosphorylation of signal transduction molecules, western blot analysis was performed. HPDLCs stimulated by IL-4 (10 ng/ml) with or without IL-1β (1 ng/ ml) for 15, 30, or 60 min were washed once with cold PBS, before being incubated on ice for 15 min with cell lysis buffer (Cell signaling technology, Danvers, MA, USA) supplemented with protease inhibitors cocktail (Sigma, St. Louis, MO, USA). After removal of debris by centrifugation, the protein concentrations of the lysates were quantified with the Bradford protein assay using IgG as a standard. A 20 µg protein sample was loaded onto a 4 -20% SDS-PAGE gel, before being electrotransfered to a PVDF membrane. The phosphorylations of p38 MAPK, ERK, JNK, Akt or STAT6 in HPDLCs were assessed using phospho-p38 MAPK rabbit monoclonal antibody (Cell signaling technology), phospho-ERK rabbit monoclonal antibody (Cell signaling technology), phospho-JNK rabbit monoclonal antibody (Cell signaling Technology), phosphoAkt rabbit monoclonal antibody (Cell signaling Technology), phospho-STAT6 rabbit monoclonal antibody (Cell signaling Technology), p38 MAPK rabbit monoclonal antibody (Cell signaling technology), ERK rabbit monoclonal antibody (Cell signaling Technology), JNK rabbit monoclonal antibody (Cell Signaling according to the manufacturer's instructions. Protein bands were visualized by incubation with the HRPconjugated secondary antibody (Sigma), followed by detection using the ECL system (GE Healthcare, Uppsala, Sweden).
Statistical analysis
Statistical significance was analyzed using the Student's t test for the data shown in Fig. 1, Fig. 2 , and Fig. 4 . P values < 0.05 were considered significant.
Results
The effect of IL-1β and/or IL-4 on CCL11 production from HPDLCs
We first investigated the ability of CCL11 production from HPDLCs because there are no reports about CCL11 production from HPDLCs. IL-4 or IL-1β could moderately induce CCL11 production from HPDLCs. We found that IL-4 synergistically enhanced CCL11 production from IL-1β-stimulated HPDLCs (Fig. 1) .
The effect of IL-1β and/or IL-4 on CCL20 production from HPDLCs
We next investigated whether IL-4 could modify CCL20 production from IL-1β-stimulated HPDLCs. Fig. 2 shows that IL-4 inhibited CCL20 production from IL-1β-stimulated HPDLCs in a dose-dependent manner.
The effect of IL-4 and/or IL-1β on MAPKs, NF−κB, Akt or STAT6 activations in HPDLCs
Next, we examined whether IL-4 and/or IL-1β stimulation could control the activation of signal transduction pathways in HPDLCs. PI3K-Akt-mTOR pathway and MAPKs pathway are important to explain the biology of HPDLCs [13] [14] [15] . Moreover, we or other groups previously Fig. 1 . The effect of IL-4 on CCL11 production in IL-1β-stimulated HPDLCs. HPDLCs were stimulated with IL-4 (0.1, 1, or 10 ng/ml) and/or IL-1β (1 ng/ ml), and the supernatants were collected after 24 hours. The expression levels of CCL11 in the supernatants were measured using ELISA. The results are shown as the mean and SD of one representative experiment performed in triplicate. The error bars show the SD of the values. * = P < 0.01 significantly different from the IL-1β-stimulated HPDLCs. Fig. 2 . The effect of IL-4 on CCL20 production in IL-1β−stimulated HPDLCs. HPDLCs were stimulated with IL-4 (0.1, 1, or 10 ng/ml) and/or IL-1β (1 ng/ml), and the supernatants were collected after 24 hours. The expression levels of CCL20 in the supernatants were measured using ELISA. The results are shown as the mean and SD of one representative experiment performed in triplicate. The error bars show the SD of the values. * = P < 0.01 significantly different from the IL-1β-stimulated HPDLCs.
Fig. 3. Phosphorylations of p38
MAPK, ERK, JNK, NF-κB p65, Akt, and STAT6 in IL-4 and/or IL-1β-stimulated HPDLCs. The cultured cells were stimulated with IL-4 (10 ng/ml each) and/or IL-1β (1 ng/ml) for 15, 30, or 60 min. The cell extracts were subjected to SDS-PAGE followed by. Western blotting analysis with antibodies against phospho-specific p38 MAPK, p38 MAPK, phospho-specific ERK, ERK, phosphor-specific JNK, JNK, phospho-specific NF-κB p65, NF-κB p65, phospho-specific Akt, Akt ,phospho-specific STAT6, STAT6, or GAPDH. Data represent one experiment of three different experiments. 
The effects of Akt and STAT6 inhibitors on CCL11 or CCL20 productions in HPDLCs stimulated with IL-4 and IL-1β
Western blot analysis revealed that IL-4 and IL-1β stimulation enhanced the activations of STAT6 and Akt pathways in HPDLCs compared to IL-1β-stimulated HPDLCs. Therefore, we hypothesized Akt and/or STAT6 pathways might control CCL11 and CCL20 productions from IL-4/IL-1β-stimulated HPDLCs. Figure 4A shows that both Akt and STAT6 inhibitors decreased CCL11 productions in IL-4/IL-1β-stimulated HPDLCs. On the other hand, Akt and STAT6 inhibitors enhanced CCL20 productions from HPDLCs stimulated with IL-4 and IL-1β (Fig. 4B) .
Discussion
In this study, we revealed that IL-4 could increase CCL11 production in IL-1β-stimulated HPDLCs. Hirst and the colleagues reported that IL-4 synergistically enhanced CCL11 release from human airway smooth muscle cells stimulated with IL-1β [21] . We previously reported that IL-4 synergistically enhanced CCL11 production in IL-1β-stimulated human gingival fibroblasts [6] . Judging from our data and previous reports, the number of Th2 cells in inflammatory lesions might dramatically enhanced when both IL-4 and IL-1β existed because CCL11 productions positively increased.
We revealed IL-4 could inhibit CCL20 production in HPDLCs in this report. There are few reports about the effect of IL-4 on CCL20 production. Hirota and the colleagues reported that IL-4 decreased CCL20 production from non-stimulated mouse synoviocytes [11] . Their report is similar with ours though we first showed that IL-4 could inhibit CCL20 production in cytokine-stimulated cells. There are some reports that the effect of IL-4 on CCR6, which is a CCL20 receptor, expression. Dieu-Nosjean and the colleagues reported that IL-4 decreased CCR6 expression on cells during differentiation of Langerhans cells [22] . Carramolino and the colleagues reported that IL-4 treatment down-regulated the CCR6 expression on dendritic cells [23] . These reports and our report suggest that IL-4 inhibit CCR6-expressing cells such as Th17 cells, immature dendritic cells, Langerhans cells, migration and accumulation to down-regulate both CCL20 and CCR6.
We revealed STAT6 pathway positively regulated CCL11 production, but negatively controlled CCL20 production from HPDLCs. There are some reports that the role of STAT6 on CCL11 production. Hoeck and the colleague reported that CCL11 production from IL-4-stimulated human dermal fibroblasts were dependent on STAT6 activation [24] . Zhou and the colleagues also reported that STAT6 inhibition apparently decreased CCL11 production from IL-13 and TGF-β1-stimulated human airway fibroblasts [25] . Previous reports and our report showed that STAT6 activation is essential for CCL11 production in variety of cells. On the other hand, there is no report about the role of STAT6 on CCL20 production. However, CXCL10 and CXCL11, which are Th1-type chemokines, expression were dramatically enhanced in STAT6 knockout mouse than normal mouse [26] . Their report and our report suggest that STAT6 pathway negatively regulated not only Th1-type chemokines, such as CXCL10 and CXCL11 productions, but a Th17-type chemokine, such as CCL20 production.
We showed that Akt pathway negatively regulated CCL20 production in HPDLCs. Rohani and the colleagues reported that PAR1 and PAR2-induced CCL20 were negatively regulated by Akt signaling pathway in oral keratinocytes [27] . Their report agrees with ours. On the other hand, Li and the colleagues reported that CCL20 production from plasmin-stimulated dendritic cells was positively regulated Akt pathway [28] . Judging from our report and previous reports, How Akt modulates CCL20 production is dependent on the types of cells and stimulants.
We report Akt positively regulated CCL11 production in HPDLCs. Smyth and the colleagues reported that LY294002, which is a PI3K inhibitor, decreased CCL11 production from oncostatin M-stimulated mouse fibroblast-like cell line [29] . Rahman and the colleagues also reported that Wortmannin, which is a PI3K inhibitor, down-regulated CCL11 production in IL-1β−stimuleted human airway smooth muscle cells [30] . Our report and previous reports might show that PI3K/Akt pathway positively regulate CCL11 production.
In this report, we explain that IL-4 might increase the number of Th2 cells, and decrease the number of Th17 cells in periodontal lesion because IL-4 modulate CCL11 and CCL20 productions in HPDLCs. It is known that Th17 cells are related to bone resorption because IL-17 could enhance RANKL expression in periodontal resident cells [31] . On the other hand, Th2 cells could inhibit bone destruction in inflammatory lesion because IL-4 and IL-13 could induce osteoprotegerin, which is a decoy receptor for the RANKL, in human endothelial cells [32] . Therefore, IL-4 could inhibit alveolar bone destruction in periodontal lesion. Further investigation should be necessary to know the role of IL-4 in periodontal lesion.
In summary, the current study demonstrates that IL-4 could enhance IL-1β-induced CCL11 in HPDLCs though inhibit CCL20 production. STAT6 and Akt pathways are important for the CCL11 and CCL20 production in IL-4 treated HPDLCs. Finally, IL-4 is an essential cytokine to control T cells migration and accumulation in periodontal lesions.
